Polytetrafluoroethylene (PTFE) flat sheet membranes were prepared through casting and sintering methods. The effect of sodium benzoate salt on the characteristics of PTFE flat sheet membranes such as morphology, surface roughness, porosity, mechanical strength and crystallinity were studied through scanning electron microscopy (SEM), atomic force microscopy (AFM), mercury intrusion porosimetry, tensile test and X-ray diffraction (XRD). SEM analysis confirmed the formation of irregular porous microstructures in sponge-like configuration. All the fabricated membranes exhibited narrow pore size distributions and have relatively small average pore diameters between 0.074 and 1.068 µm despite having porosity between 36.41 and 74.32 %. In addition, surface roughness of the PTFE flat sheet membranes increased as the sodium benzoate content increased. Increasing sodium benzoate content was positive for pore size and porosity but negative for crystallinity and mechanical properties. This research confirmed that the addition of sodium benzoate salt in aqueous PTFE solution is a useful approach for the fabrication of porous PTFE flat sheet membranes.
INTRODUCTION
Polytetrafluoroethylene (PTFE) is a fluorocarbon polymer produced by tetrafluoroethylene polymerization. The strong bonds exist between fluorine and carbon atoms and the specific molecular structure make PTFE has excellent thermostability, chemical inertness, great electrical insulation properties (Fang et al., 2009) , low surface energy, low frictional coefficient and low dielectric constant (Wang et al., 2010) .
With its unique properties, PTFE has found applications in vanadium redox battery (Qiu et al., 2007) , fuel cell (Ramya et al., 2006 and Chen et al., 2005) , direct contact membrane distillation desalination (Lai et al., 2011 , Taylor et al., 2013 and Zhou et al., 2014 , heavy metal removal (Yoo & Kwak., 2013) , oilfield wastewater treatment (Lin et al., 2011) and submergerd membrane bioreactor (Nittami et al., 2012) .
In conjunction with various application, more attention has been paid to prepare PTFE membrane. PTFE porous membranes were induced conventionally by extruding and rolling followed by uniaxial and biaxial streching (Kurumadaet al., 1998) . Huang et at., (2008) used PID control PTFE paste extrusion system to improve the properties of PTFE paste during extrusion process and pore size. Meanwhile, Zhu et al., (2013) investigated the effect of stretching ratio on the characteristics of PTFE hollow fiber membranes. It was noted that increasing stretching ratio had positive effect for pore size and porosity but negative effect for water entry pressure and mechanical property in membrane distillation application.
Furthermore, Ranjbarzadeh-dibazar et al., (2014) prepared PTFE membranes using thermo-mechanical methods of billet formation, cold extrusion, rolling, uniaxial streching at 100-250 and heat treatment. However, these methods led to poor materials performance stability owing to creeping deformation of PTFE flat sheet membrane. Xiong et al., (2009) fabricated ultrafine fibrous PTFE porous membranes through PVA-assisted PTFE emulsion by electrospinning and sintering. Later, Huang et al., (2013) designed a superhydrophobic microporous PTFE membranes from mixture of PTFE emulsion and PVA aqueous solution by controlling the cooling rate during membrane formation revealed that the micro-nano structures in the membrane were improved. Recently, a super-hydrophobic nanofibrous membrane was prepared by electrospinning and sintering with high water flux for use in membrane distillation Huang et al. (2017) . However, all of these methods require work in preparing the PTFE membrane. Alto et al., (1980) initially proposed a simple method for forming microporous sheet of fluorocarbon polymer especially PTFE by casting and sintering technique. This method consisted of the mixture of PTFE aqueous dispersion, cryztallizable metallic organic salt sodium benzoate as pore forming agent and ethylene glycol as foam
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suppressant. Pore forming agents are often selected from a number of polymer swelling agents which are poor solvents in the polymersolvent interaction spectrum (Ohya et al., 1996) . It is believed that higher concentrations of sodium benzoate salts increased the pore size and the pore density of the final products.
Other use of sodium benzoate is mainly focused on preservation of variety of foods, such as marinated fish, fruit based fillings, ham, salad dressings, soft drink and beer (Zhang & Ma, 2013) . Sodium benzoate is the most common food preservative that are listed among the "generally regarded as safe" (GRAS) compounds by the United States Food and Drug Administration (Lennerz et al., 2015) . Zubir and Ismail (2003) then studied the effect of sintering temperature on the morphology and mechanical properties of PTFE membrane. However, no comprehensive work dealing with the effect of sodium benzoate on the PTFE flat sheet membrane properties has been reported. Therefore, the objectives of this research is to study the effects of sodium benzoate on the pore size distribution, porosity, roughness, crystallinity, morphology and mechanical strength properties of PTFE flat sheet membranes by casting and sintering techniques.
EXPERIMENTAL

Materials
The PTFE polymer in the form of aqueous dispersion (FR301B) was purchased from 3F New Materials Co., Ltd., Shanghai, China. Ethylene glycol (6207) additive was supplied by Merck and acted as a foam suppressant. Sodium benzoate (144.11) salts was provided by Riedel-de-Haen and served as a pore forming agent.
Preparation of PTFE flat sheet membrane by casting and sintering technique
The PTFE flat sheet membrane was prepared by casting and sintering technique following Alto et al., (1980) . Sodium benzoate was dissolved in the mixture of PTFE and ethylene glycol solution at different ratios as summerized in Table 1 . The solutions were stirred vigorously at room temperature (23 ± 1 ) for 3 hours. Then, the obtained casting solution was stored at room temperature for at least 12 hours to remove bubbles. To cast the flat sheet membrane, the solution was spread onto a flat glass plate by using glass rod. The glass plate was taped side by side to control the thickness of the PTFE flat sheet membrane. The exposed surface of the wet casted PTFE flat sheet membrane was left air-dried at room temperature. The dried PTFE flat sheet membrane was sintered in a furnace for 30 minutes at 385 . The sintered PTFE flat sheet membrane was permitted to cool to room temperature. The PTFE flat sheet membrane was leached by immersing the membrane into a hot water bath at 70 for 2 hours to detach the membrane from the glass plate. Finally, the resulting PTFE flat sheet membrane was then removed and being air-dried at room temperature.
Characterization of PTFE flat sheet membrane
Pore size distributions of the PTFE flat sheet membranes were determined by mercury intrusion porosimeter Autopore V, Micromeritics Instrument Corp. (USA). The values of surface tension and contact angle used in the computational program of the porosimeter were 0.485 N/m and 130 , respectively. Morphologhy surface and fractured surface of the PTFE flat sheet membranes were studied using a scanning electron microscope JEOL JSM-6390LV(Japan). Surface roughness of the PTFE flat sheet membranes were analysed at room temperature by atomic force microscopy (AFM) JPK NanoWizard II (Germany). Crystalline structures of the synthesized PTFE flat sheet membranes were analyzed by X-ray diffractometer (XRD) Panalytical X'Pert Pro MRD (Netherlands) equipped with a Cu Kα radiation source (40 kV, 30 mA). The samples were scanned in the range of diffraction angle 2 from 5 ○ to 90 ○ . Tensile strength tests were performed by LRX 2.5 KN Lloyd Tensile Tester (UK). The samples were cut into dumbell-shaped following ASTM D882. The tests were performed at room temperature with a crosshead speed of 50 mm/min. A minimums of five specimens were tested for each sample. 
RESULTS AND DISCUSSION
The pore size distributions of PTFE flat sheet membranes as a function of sodium benzoate Table 2 shows the pore size distributions of the PTFE flat sheet membranes. The porosity of the PTFE flat sheet membrane is in the range of 36.41% to 74.32% meanwhile the average pore diameter of PTFE flat sheet membranes is in the range of 74.8 nm to 1068.4 nm. A similar trend was reported by Ranjbarzadeh et al. (2014) who used stretching technique in their work. It can be clearly seen that the average pore diameter and porosity of the PTFE flat sheet membranes increased with the increased of sodium benzoate. This results proved the function of sodium benzote as pore forming agent. As reported by Bakhtiari et al.(2015) , pore forming agent molecules usually move into the hydrophobic core of micelle structure and expands them, thereby increasing the pore size of the materials. The morphology of PTFE flat sheet membrane as a function on sodium benzoate Fig. 1 presents the surface and fractured surface of the PTFE flat sheet membranes which is the one that formed by exposure to the surrounding environment during drying and sintering processes. It is shown that the membrane pores increased obviously with the increased in sodium benzote content. It is apparent in Figure 1(a-(c) , that the pores are interconnected within the bulk of the membrane are interlaced and intertwined into the void network of intersecting shafts forming a matte and a porous surface on the PTFE flat sheet membrane. The lighter colour comprises the solid portion of membrane, while the darker comprises the pores or voids.
It is observed that PTFE1 has smoother surface compared to PTFE2 and PTFE3 due to less sodium benzoate content that resulted to less pore formation. The fractured surfaces illustrated in Figure  1(d)-(f) shows that the irregular porous structure in a fingerlike configuration can only be seen in PTFE2 and PTFE3. It is assumed that the void space network on the top surface continues downwardly into the membrane forming intertwined pore paths. In addition, the pore structure was obviously different from the node-fibril structures that typically obtained by stretching method for PTFE flat sheet membrane preparation. A similar structures was reported Huang et al (2013) who fabricated PTFE membranes from a mixture of PTFE emulsion and PVA aqueous solution. The roughness of PTFE flat sheet membrane as a function of sodium benzoate Fig. 2(a) -(c) are the 2D and 3D vertical profile of AFM images of the PTFE flat sheet membranes over an area of 5.0 5.0 µm. The light regions is the highest points and the darkest regions is the pores. It can be observed that PTFE3 has big well-defined dark areas compared to PTFE1 and PTFE2. The result is consistent with the SEM observation. Surface roughness characteristics such as peak-tovalley roughness (R t ), average roughness (R a ) and root mean square (RMS) roughness (R q ) are summarized in Table 2 . It is apparent, that the surface roughness characteristics of the PTFE flat sheet membrane increases systematically with increasing sodium benzoate content. PTFE1 was relatively smooth with RMS roughness of 125.5 nm. PTFE2 showed slightly higher in RMS roughness of 145.2 nm and increased to 255.2 nm for PTFE3 membrane. The increase in RMS roughness could be due to the increased of pore size. This result is in agreement with Bowen et al. (1999) on their studies on ultrafiltration membranes with different molecular weight cut off.
The crystallinity of PTFE flat sheet membrane as a function of sodium benzoate Fig. 4 indicates an XRD patterns of the PTFE flat sheet membranes. A sharp peak around 2 = 17.90 appeared in all samples corresponds to the crystallization peak of the pure PTFE semicrystalline. For PTFE1, the X-ray can easily penetrate the membrane and detect the pure PTFE semicrystalline. However, for the PTFE2 and PTFE3, its intensity weakened due to the increased of sodium benzoate. It is possible that the fluorine was extracted and broke the symmetric structure of PTFE flat sheet membrane by the sodium benzoate. Thus, the crystallinity decreased accordingly. The result is in agreement with previous work done by Wang et al. (2010) on modified PTFE surface by chemical oxidation. The mechanical strength of PTFE flat sheet membrane as a function of sodium benzoate Table 3 presents the tensile strength, tensile strain, Young's modulus and elongation at break of the PTFE flat sheet membranes. As sodium benzoate increased, the tensile strength decreases slightly from 0.31 MPa to 0.16 MPa. Similar trend can be seen on the elongation at break and the tensile strain. The elongation at break for PTFE1 was 130.74 mm and 85.84 mm for PTFE3. The value of tensile strain was 344.04% for PTFE1 and 225.90% for PTFE3. Hence, PTFE1 would be more favourable as it has higher tensile a b c d e f strength and tensile strain. The Young's modulus was shown in order to determine the alterations made on the stiffness of membrane due to the content of sodium benzoate. Results found that the PTFE1 has the highest Young's modulus of 1397.00MPa as compared to the PTFE2 and PTFE3. Overall, tensile studies showed that the PTFE1 has generate higher mechanical strength compared to PTFE2 and PTFE3. The lowest value in mechanical strength for the PTFE3 was most likely due to large pores size as shown in SEM. This result is in agreement with previous work done by Khadijah et al. (2016) on the effect of kaolin content and non-solvent coagulant bath on low cost porous ceramic membrane. CONCLUSION PTFE flat sheet membranes were prepared by casting and sintering technique. In this research, the influences of sodium benzote on the pore size distribution, porosity, morphology, surface roughness, crystallinity and mechanical strength were studied. The results shows that the content of sodium benzoate strongly affect the properties of PTFE flat sheet membrane. At higher sodium benzoate content, the resultant membrane showed better pore sponge-like configuration with higher average pore diameter and porosity. The surface roughness also increased as the content of sodium benzoate increased. Nevertheless, crystallinity and mechanical strength has decreased as sodium benzate content increased. These results may broaden the application of the PTFE flat sheet membrane especially as adsorbent and other applications in future.
